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(57) ABSTRACT 

The present invention corrects for Doppler shift in both 
forward and reverse links in a cellular communications 
system including an airborne repeater. A reverse link pilot 
reference signal in a band similar to a communications 
signal band is received at a reverse link processor, and the 
Doppler shift in the reverse feeder link is corrected based on 
the reverse link pilot reference signal. The Doppler shift in 
the forward feeder link is also corrected based on the reverse 
link pilot reference signal prior to the forward feeder link 
being affected by the Doppler shift. The present invention 
also compensates for signal strength variations due to chang- 
ing flight pattern positions of the repeater. Pre -compensation 
for forward feeder link path losses due to movement of the 
airplane is performed to cause communications signals 
transmitted to and from the cellular communications system 
repeater to have identical strength before the signals are 
transmitted to the system user cell phones within the area of 
coverage. 

17 Claims, 5 Drawing Sheets 
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DOPPLER CORRECTION AND PATH LOSS Clearly, a need exists for solutions to the foregoing 

COMPENSATION FOR AIRBORNE problems. 



CELLULAR SYSTEM 



BRIEF DESCRIPTION OF THE DRAWINGS 



pift n of thp tmvfmttom 5 Advantages of the present invention will be readily appar- 

HfcLU Vb lHfc INVfcNllOIS cm from ^ foltowing dclai i ed description of preferred 

The present invention relates generally to a cellular com- embodiments thereof when taken together with the accom- 

munications system including an airborne repeater, and panying drawings in which: 

particularly to compensation of airborne repeater links. FIG. 1 is a system diagram of an airborne cellular 

BACKGROUND OF THE INVENTION " ^ ^ 

The increasing need for communications networks and FIG. 2 is a block diagram illustrating the components of 

capabilities in outlying and geographically diverse locations me airborne cellular communications system shown in FIG. 

has created greater demand for cellular systems. Many new 1 in more detail; 

carriers providing the infrastructure for such systems have 1 pjQ 3 * a diagram illustrating how and where Doppler 

focused their resources on building as many terrestrial cell shift ^ ated io thc systcm shown in FIG. 1; 

stations as possible to expand their respective areas of . . . . . . ' . r , 

r,„A ^ n c^n 0 n.n,L n0 ro to ««»n,.- FIG. 4 is a block schematic diagram of the components 

coverage and consequently generate more revenue. ... . _^ , . * , . ___ \ 

„ * . . .7. c i_ • « ii . utilized to correct the Doppler shift shown m FIG. 3; 

However, the ouudout rate for the terrestrial cell stations _ n . _ 

is typically slow and expensive, especiaUy in mountainous 20 FIG ; 5 » a dia B ram SDOWU1 S the system of FIG. 1 

or otherwise difficult to access areas. In addition, in some Priding uninterrupted coverage over a predetermined geo- 

these areas, a carrier's return on investment may not provide S ra P h,c area due to S1 8 nal P ath loss compensation provided 

the incentive necessary for the carrier to build the necessary m accordance with the present invention; 

cell stations, thereby leaving these areas with either limited 1$ FIG. 6 is a flow diagram of a methodology for a telemetry 

or no cellular service at all. Further, many areas having a data-based technique for pre-compensation of feeder link 

sufficient number of cellular communications base trans- beam path loss; and 

ceiving stations to handle calls during both off-peak and FIG. 7 is a flow diagram of a methodology for a pilot 

peak times cannot adequately handle large volumes of calls signal amplitude-based technique for pre-compensation of 

during sporting events or other short-term special events that 3Q feeder link beam path loss. 

temporarily attract large crowds. 

, . . n , , . DETAILED DESCRIPTION OF THE 

In response to the above, airborne cellular systems have PREFERRED EMBODIMENT 

been proposed in which a cellular repeater mounted in an 

airplane, executing a predetermined flight pattern over a Referring now to the drawings in which like numerals 

geographic area requiring cellular coverage, links calls from 35 reference like parts, FIG. 1 shows an airborne cellular 

cellular phones within the geographic area to a terrestrial communications system 10. The system 10 generally 

base station. Because the airplane is capable of traversing includes three primary segments: a cellular infrastructure 

geographic obstacles and takes the place of the cell stations, segment 12, a radio infrastructure segment 14, and an 

such a system overcomes the above-mentioned limitations airplane segment 16. These three segments in combination 

of conventional terrestrial cellular systems. 40 are capable of providing cellular communications coverage 

Despite its many advantages, an airborne cellular system to a large geographical area by enabling system users, 

presents design and implementation problems not present in represented generally by handsets 18, to link to a public 

the design and implementation of conventional terrestrial switched telephone network (PSTN) 20 via an airplane 

cellular systems. For example, an airborne cellular system payload 22 including a repeater. The structure and function 

requires both a high frequency feeder link to link the base 45 of each of these three system segments will be discussed in 

station and the system switch to the airborne repeater, and a detail. 

subscriber or user link to link the airborne repeater to The cellular infrastructure segment 12 includes a mobile 

cellular phones within the area of coverage. As a conse- switching office (MSO) 24 that includes equipment, such as 

quence of the motion of the airplane relative to the base a telephony switch, voicemail and message service centers, 

station or cellular phone, an often significant amount of 50 and other conventional components necessary for cellular 

Doppler shift is introduced on the links. As a cellular system service. The MSO 24 connects to the PSTN 20 to send and 

such as a TDMA EI A 136 system is sensitive to Doppler receive telephone calls in a manner well known in the art. In 

shift characteristics, its performance is degraded generally in addition, the MSO 24 is connected to an operations and 

proportion to the amount of Doppler shift present. maintenance center (OMC) 26 from which a cellular system 

In addition, as the airborne repeater moves as the plane 55 operator manages the cellular infrastructure segment 12. The 

executes its flight pattern, the communication path link MSO 24 is also connected to one or more base transceiver 

distances between the base station and the airplane and the stations (BTSs) such as the BTSs shown at 30a, 30fc. The 

airplane and the system subscribers constantly change. BTSs 30a, 306 transmit and receive RF signals from the 

These changes in path link distances cause signal loss to system users 18 through the radio infrastructure segment 14. 

vary. Also, airplane pitch, roll and yaw can move a beam off 60 More specifically, the BTSs 30a, 30/? transmit and receive 

of its peak gain, thereby increasing the average power RF signals through ground converter equipment 32. The 

consumption of the repeater and associated equipment, ground converter equipment 32 converts terrestrial cellular 

increasing dynamic range requirements and increasing the format signals to C-band format signals and communicates 

dynamic range and power consumption of the repeater and with the airborne payload 22 through a feeder link 33 and a 

associated equipment. Consequently, heavier, more expen- 65 telemetry link 34, each of which will be discussed later in 

sive and higher power consumption power amplifiers must detail. The payload 22 establishes a radio link 36 for 

be used. connecting calls over a wide geographic area of coverage, or 
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footprint, that is capable of exceeding 350 km when the there are no discernable service -related differences between 

airplane maintains a flight pattern at or around 30,000 feet calls linked to the PSTN 20 through the cellular 

above the ground. infrastructure, radio infrastructure and airplane segments 

In addition to the airplane 35, the airplane segment 16 also 12-16 and calls handled through a conventional terrestrial 

includes an airplane operations center 37 that controls 5 system infrastructure, in part due to the fact that the cellular 

mission logistics based at least in part on information from infrastructure segment 12 includes a standard telephony 

sources such as a weather center 38, and manages all system switch in the MSO 24 and BTSs 30a, 30b that are identical 

airplanes, as the system preferably includes three airplanes or nearly identical to those included in a conventional 

to ensure continuous coverage. The airplane also receives terrestrial system infrastructure. 

additional routine instructions from sources such as an air 10 Still referring to FIGS. 1 and 2, operation of the compo- 

traffic control center 40. nents of the airborne cellular system 10 during completion 

FIG. 2 shows certain components of the system 10 in of a call made by one of the system users 18 will now be 

more detail. Specifically, the ground converter equipment 32 described. The airplane 35 when on-station preferably flies 

includes a C-band antenna 42 for receiving/transmitting m a circular or near circular flight pattern (although the flight 

signals from/to the payload 22 (a second antenna is also 15 pattern may vary according to specific weather and coverage 

provided for redundancy purposes), and a C-band converter conditions) to provide coverage to a predetermined geo- 

44 for appropriately converting the signals received from or graphic area during a mission. While it is on-station, the 

to be transmitted to the payload 22. According to a preferred airplane maintains contact with the ground converter equip- 

embodiment, the C-band antenna 42 and the converter 44 ment 32 to provide both the feeder link 33 and the user link 

enable 800 MHz airborne cellular antennas 70 to commu- 2 o 36 for lne ceUular infrastructure segment 12 through the 

nicate with the BTSs 30a, 30b via an established downlink, radio infrastructure equipment segment 14. The airplane 35 

or feeder link, 33, and the converter 44 upconverts nominal also transmits a predetermined number of communications 

signals from the BTSs 30a, 30b to C-band signals before the beams, such as, for example, 13 beams, over the coverage 

signals are transmitted to the airplane 35. Also, each BTS area, with each beam being assigned to a sector of one of the 

30a, 30b is assigned a different band in the C-band spectrum 1S BTSs 30a, 30fc and having its own set of control and traffic 

so that signals from the different BTSs 30a, 30b can be channels to carry signaling and voice data between the 

separated and routed to the correct antenna, such as the system users 18 and the cellular infrastructure segment 12, 

antenna 56, at the payload 22. In addition, the ground control As the airplane 35 moves in its flight pattern, the beams 

equipment 32 includes telemetry components such as a radiated from the airplane rotate. Therefore, the system users 

telemetry antenna 46, a telemetry modem 48 and a telemetry 30 18 will "see" a different beam every 45 seconds or so and the 

processor 50 to receive and process airplane data transmitted cellular infrastructure segment 12 performs a sector to sector 

from an airplane telemetry antenna 52, while a processor 54 handoff of the call to keep the call from being dropped, 

controls transmission of the processed telemetry data to the When initiating a call, a system user, such as one of the 

OMC 26 and the airplane operations center 37. users 18, utilizes the control channels in the beam to signal 

In the airplane segment 16, the airplane telemetry antenna 35 the MSO 24 to request a call setup. The request is sent from 

52 mentioned above transmits airplane avionics data gener- a handset of the user 18 to the airplane payload 22, and then 

ated by airplane avionics equipment, represented generally is relayed to the ground converter equipment 32. The ground 

at 58, including airplane location, direction and flight pattern converter equipment 32 relays the request to the correspond- 

data as well as other data such as airplane pitch, roll and yaw ing BTS, such as the BTS 30a. The BTS 30a then transmits 

data. The data from the airplane avionics equipment 58 is 40 the request to the MSO 24, which sets up the call with the 

input into and processed by a payload processor 60 before PSTN 20. The payload 22 therefore simply extends the 

being output to the telemetry antenna 52 through a telemetry physical layer of the BTS 30 to the users 18 to allow a much 

modem 62. The payload processor 60 is also responsible for wider area of coverage than would typically be provided by 

processing signals transmitted to and received from the a conventional terrestrial system, and with less associated 

ground converter equipment 32 through the feeder link 33 45 infrastructure buildout cost. The airborne system 10 is 

established between the C-band antennas 42, 56 and for therefore specifically useful for providing temporary cellular 

processing signals transmitted to and received from the coverage for special events areas, where coverage is only 

system users 18 through a downlink, or user link, 69 needed for several days, thereby eliminating the need and 

established between the users 18 and a payload downlink cost associated with erecting cell stations and then tearing 

antenna such as an 800 MHz antenna 70, with the signals 50 the cell stations down after the special events end. 

received by and transmitted from the payload being appro- Once the call setup is completed, voice communication 

priately upconverted or downconverted by an 800 MHz with the PSTN 20 through the traffic channels in the beam 

converter 72. The payload 22, in addition to including the is initiated, and voice information is then relayed in the same 

above-mentioned equipment, also includes GPS equipment manner as the signaling information. When the call ends, a 

74 that can also be input into the processor 60 and trans- 55 signal is sent to the MSO 24 to tear down the call, the 

mined to the ground converter equipment 32 or to the handset of the user 18 releases the traffic channel used for 

airplane operations center 37 for flight control and/or moni- voice communications, and the channel is returned to an idle 

toring purposes. The components shown in the airplane and state. 

in the payload together form the airplane repeater that Referring to FIGS. 3 and 4, correction of a Doppler shift 

enables cellular coverage to be provided to a large geo- 60 that is introduced in both forward and reverse, user and 

graphic area that may otherwise not support terrestrial feeder links due to airplane motion will now be discussed 

cellular coverage due to an insufficient number of cell with respect to a preferred embodiment in accordance with 

stations or the like. the present invention. Feeder link Doppler shift varies over 

As should be appreciated from the system configuration time with the speed and direction of the airplane with respect 

shown in FIGS. 1 and 2, both the airborne cellular system 10 65 to the ground converter equipment 32, and may be either 

and conventional terrestrial cellular systems appear identical positive (when beams are headed toward the airplane or the 

to the PSTN 20 and the system users 18. In other words, distance from the airplane to the converter equipment is 
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decreasing) or negative (when beams are headed away from compensates for the Doppler shift that occurs in the feeder 

the airplane or where the distance from the airplane to the link 33 based on the Doppler shift present on the transmitted 

converter equipment is increasing) as the airplane 35 pilot frequency reference signal. 

executes its flight pattern. As the Doppler shift is proper- while D ]er shift ^ determined above based on , pi i 0l 

t L 0Q ^ 0 ^ e ^A r ■ fr ^ UenCy0f ^^ , ^l te ^ 8 •fi aI1Sm, , U , ed • 5 frequency reference signal generated by and transmitted 

he Doppler shift in the system ,10 will be significant. User ^ ^ ^ ^ * sboM ^ be iated , ha , „ 

hnk Doppler shift is smaller and relatively constant on a per ■ i t , . ■ i . j u *u *n a 

beam basis. In other words, airplane vetocity-ioduced Dop- au P laoe ( te'e-netry signal generated by the processor 60 and 

pier shift within a beam tends to be similar for all useVs ^milted from the telemetry antenna 52 may alternately 

covered by the beam. As will now be described, tbe present in be used by the processor 54 to calculate Doppler shift 

invention is capable of correcting for both feeder link and 10 associated with signals transmuted over the user hnk 69. In 

user link Doppler to ensure continuous coverage is main- f» case - *? Doppler shift is calculated based on telemetry 

tained over the designated geographic area. da,a from the *™f staining its position and ve oc.ty 

„ - . . c J? ' , . . . r j vector, or other information as suitable for calculating 

Referring to the forward link including both forward I t . . , j ^ » . A1 >u r\ i 

c . , & .. . T«rpo ™ . , , aircraft motion mduced Doppler shift. Also, the Doppler 

feeder and user links, the BTS 30a transmits a signal to a K . .» . r r ; , , .. u rr 

_ . . ' aa u • * r.u 15 shift and error correction value calculations may alterna- 

forward ground converter 44a, which is a component of the . , , - , , . : , 

j . a a tl c a a aa uvely be performed by the processor 60 m the airplane 35 

ground converter 44. The forward ground converter 44a _ f , * , ' cc ^ca nn t u„ _ ir ^ 

& . . . . ... ^ , * c , c . rather than by the processor 54 on the ground. 

steps the signal to a higher C-band frequency before the j r & 

signal is transmitted over the feeder link 33 by the C-band A* mentioned above, the present invention also compen- 

antenna 42 (FIG. 2). As shown in FIG. 4, the C-band antenna M sates for Do PP ler shifl 015 the forward and reverse user 

is part of the forward payload converter 72a, which in turn E** communication beam in the system 10 uses a different 

is a component of the 800 MHz converter 72. Time-varying sub-band of the feeder link. As Doppler shift on the user link 

Doppler shift is typically induced on the feeder link due to cannot <* calculated exactly because the location of each 

the movement of the airplane 35 with respect to the base user » not exacU y known . Do PP ler correction is applied by 

station 30a. The forward payload converter 72a then con- 2 , forward and reverse ground converters 44a, 446 for each 

verts the C-band frequency signal back to a UHF frequency beam b y takin S iDt0 account the expected, or average, 

before the signal is transmitted by the antenna 70 (FIG. 2) Do PP ler sbm of the user hnks on a P er beam basis and based 

to a handset of the user 18 through the user link 36. 0D the fact ^ Do PP ler shift characteristics of each beam 

A . • a* • ■ T?r^ a u- u ♦ 1 a are determined by the beam pointing direction relative to the 

As shown in the reverse link in FIG. 4, which includes , ' . . , K _ & . . A . 

both reverse feeder and user links, the handset of the user 18 30 ? 7 Z ! . • f^T These / alcula J 10nS ^ 
in return communicates with the cellular infrastructure seg- formed either terrestrially in the ground converter equipment 
ment 12 in FIG. 1 by transmitting a UHF signal back to the 32 or datively in the airplane 35 by the processor 60. 
antenna 70 (FIG. 1) through the reverse user link 36. A ^ a result > 4(5 P rescnt invention is capable of precisely 
reverse payload converter 726, which is a component of the correcting for feeder link Doppler shift and of correcting for 
converter 72 and which includes the C-band antenna 42, 35 user ^k Doppler shift on an average basis in each sub- 
then steps up the signal to the C-band before sending the sc " b er beam. It should be appreciated, however, that user 
signal to the reverse ground converter 446 through the link Doppler shift correction can alternatively be performed 
reverse feeder hnk 33. The reverse ground converter 446, m accordance with the present invention by determining the 
which is also a component of the converter 44, then converts exa ct location of each user within the coverage area of each 
the signal back to a UHF signal before the signal reaches the «, b *am to exactly remove Doppler shift, if such precision is 
BTS 30a required by system parameters and if the additional equip- 
In a preferred embodiment in accordance with the present ment and system costs necessary to perform the required 
invention, in addition to the above airborne cellular system calculations are within budgetary parameters, 
protocol, a C-band pilot reference signal is generated at 90 Referring to FIG. 5, a method of compensating for 
by the processor 60 and is transmitted over the antennas 56, 45 communications signal path loss variations on the forward 
42 to the processor 54. Preferably, the C-band pilot reference feeder link according to another preferred embodiment in 
signal is a signal in a guard band between cellular commu- accordance with the present invention will now be dis- 
nications channels. The processor 54 precisely measures the cussed. Specifically, as the airplane 35 executes its prede- 
frequency of the received pilot signal. As both the airplane termined flight pattern, the distances between the airplane 
and all ground converters use precise frequency references, 50 35 > lne BTS 30a and ^ 18 varv . therefore causing the 
such as, for example, GPS-based references, and as the signal path loss to vary. In addition, airplane pitch, roll and 
frequency of the pilot signal is known, the measured fre- yaw often can move beams from the airplane repeater off of 
quency can be compared to the known transmitted frequency then* respective peak gains. 

to calculate feeder link Doppler shift. After the amount of In view of the above, the present invention provides for 
Doppler shift in the pilot reference signal is determined, the 55 pre-compensation of forward feeder link beam path loss by 
processor 54 transmits an error correction value based on the either (1) using telemetry data including airplane position 
calculated Doppler shift to the reverse ground converter 446 data to calculate the expected path loss before adjusting the 
to enable the reverse ground converter 446 to correct for the forward ground converter 44a to compensate for the path 
Doppler shift in the C-band signal received from the antenna loss, or; (2) measuring the amplitude of the pilot signal to 
42 based on the error correction value. 60 estimate path loss via signal measurement, and then adjust- 
In addition, the processor 54 also determines the Doppler ing the gain of the forward ground converter 44a accord- 
correction value for the forward ground converter 44a based ingly. 

on the frequency difference between the forward and reverse FIGS. 6 and 7 illustrate the methodologies used to imple- 

feeder links. The forward ground converter 44a then pro- ment the above-discussed telemetry data-based and pilot 

vides a forward-looking shift to the stepped-up C-band 65 signal amplitude-based path loss compensation techniques, 

signal before the Doppler shift occurs on the feeder link 33. respectively. In FIG. 6, at 100 the processor 54 receives the 

Therefore, the forward ground converter 44a pre- airplane telemetry data containing airplane position data 
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from the airplane 35. At 102, the processor 54 calculates the 
expected path loss based on the distance between the air- 
plane and a terrestrial base station such as the base station 
30a. Subsequently, at 104 the processor adjusts the gain of 
the forward ground converter 44a based on the expected 5 
path loss to pre-compensate for feeder link path loss. 

It should be noted at this point that it is also typically 
important to pre-correct the reverse feeder link signal, as 
such a correction will improve the dynamic range of an AGC 
(not shown) included in the BTSs. Such a pre -correction can 10 
be performed on the ground using a pilot signal such as the 
pilot reference signal 90 or in the airplane 35 using airplane 
telemetry data. Performing such pre-correction is preferably 
performed in the airplane, however, because overall airplane 
power consumption is reduced, as, for example, antenna 15 
transmitting power is scaled back when the airplane is near 
the ground converter equipment 32. 

The methodology for the pilot signal amplitude-based 
path loss compensation technique is shown in FIG. 7. At 
110, the processor 54 measures the power level of the 20 
received pilot signal generated by the airplane on the reverse 
link and transmitted to the reverse ground converter 446. 
Next, at 112 the processor 54 calculates the reverse feeder 
link path loss and uses the calculated value to calculate 
forward link path loss. At 114, the gain of the forward 25 
converter 44a is adjusted based on the calculated forward 
feeder link path loss. 

According to an alternate embodiment in accordance with 
the present invention, an automatic gain control circuit may ^ 
be implemented in the airplane payload to remove antenna 
pointing error effects on gain that cannot be calculated based 
on airplane position. The AGC would operate by measuring 
the power level on a single control channel transmitted by a 
BTS and adjusting the gain so that the power level as ^ 
measured at the antenna 52 of that control channel is 
constant. Additionally, all path loss compensation calcula- 
tions may be performed by the processor 60 in the airplane 
35 rather than through a terrestrial-based operation. 

Further, although the above discussion was directed to ^ 
only path loss compensation on the feeder link, the present 
invention may also be used to compensate for forward and 
reverse user link path losses, although it is contemplated that 
such losses will typically be handled at the handsets of the 
users 18. Regardless of the implementation, the link path 45 
loss compensation techniques of the present invention mini- 
mize the required system dynamic range and therefore 
minimize system cost and power requirements. 

While the above description is of the preferred embodi- 
ment of the present invention, it should be appreciated that 50 
the invention may be modified, altered, or varied without 
deviating from the scope and fair meaning of the following 
claims. 

What is claimed is: 

1. A method of factoring out signal errors in both forward 55 
and reverse links, each including a feeder link and a user 
link, in a cellular communications system including an 
airborne repeater, comprising: 

receiving a reverse link pilot reference signal in a band 

similar to a communications signal band; 60 
correcting for Doppler shift in the reverse link based on 

the reverse link pilot reference signal; 
correcting for the Doppler shift in the forward link based 
on the reverse link pilot reference signal prior to the 
forward link being affected by the Doppler shift by 65 
pre-compensating for forward link path losses due to 
movement of the airborne repeater to cause communi- 
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cations signals transmitted from the airborne repeater 
via the forward link to have substantially uniform 
strength; and 

wherein the correcting for the Doppler shift in the forward 
link comprises shifting the forward link prior to trans- 
mission thereof to provide coverage to a predetermined 
geographic area. 

2. The method of claim 1, wherein the correcting for 
Doppler shift in the reverse link based on the reverse link 
pilot reference signal compensates for movement of the 
airborne repeater relative to terrestrial cellular telephone 
communicating through the repeater via the reverse link. 

3. The method of claim 1, wherein the correcting for the 
Doppler shift in the forward link based on the reverse link 
pilot reference signal provides forward-looking compensa- 
tion for movement of the airborne repeater. 

4. The method of claim 1, wherein the reverse link and 
forward link are C-band links. 

5. The method of claim 4, wherein the reverse link pilot 
reference signal is one of a C-band signal and a guard band 
signal adjacent C-band communications signals transmitted 
over the reverse link. 

6. The method of claim 1, wherein the correcting for the 
Doppler shift in the reverse link and the correcting for the 
Doppler shift in the forward link comprise: 

measuring a frequency difference in the reverse link pilot 
reference signal when received and the reverse link 
pilot reference signal when transmitted to determine an 
error correction value; 

correcting for the Doppler shift in the reverse link based 
on the error correction value; and 

correcting for the Doppler shift in the forward link 
communication signal based on the error correction 
value. 

7. The method of claim 6 wherein the measuring of a 
frequency difference in the reverse link pilot reference signal 
when received and the reverse link pilot reference signal 
when transmitted to determine an error correction value is 
based on GPS measurements. 

8. A cellular communications system, comprising: 

a terrestrial base transceiving station including a tele- 
phony switch; 

an airborne repeater for providing both a forward link 
between the base transceiving station and system users 
within a predetermined geographic area of coverage, 
and a reverse link between the system users within the 
predetermined geographic area of coverage and the 
base transmitting station; 

a forward link ground converter for stepping up signals 
transmitted from the base transmitting station to the 
airborne repeater; 

a reverse link ground converter for stepping down signals 
transmitted from the system users to the airborne 
repeater; 

a frequency shift correction device for determining and 
compensating for a Doppler frequency shift in tile 
reverse link by calculating an error correction value and 
feeding the error correction value to the reverse link 
ground converter via a closed feedback loop; and 

wherein the frequency shift correction device comprises 
all airplane telemetry link between the airborne 
repeater and the base transceiving station that facilitates 
calculation of an airplane speed value used as the error 
correction value; and 

wherein the frequency shift correction device is config- 
ured to correct for the Doppler shift in the forward link 
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based on the reverse link pilot reference signal prior to 
the forward link being affected by the Doppler shift by 
pre-compensating for forward link path losses due to 
movement of the airborne repeater to cause communi- 
cations signals transmitted from the airborne repeater 
via the forward link to have substantially uniform 
strength. 

9. The cellular communications system of claim 8, 
wherein the frequency shift correction device is also for 
compensating for the Doppler frequency shift in the forward 
link by feeding the error correction value to the forward link 
ground converter to factor out the Doppler frequency shift in 
the forward link in a forward-looking manner. 

10. The cellular communications system of claim 8, 
wherein the frequency shift correction device comprises: 

a pilot frequency generator for generating a pilot fre- 
quency signal for use in determining the Doppler 
frequency shift in the forward and reverse links; 

a pilot frequency measurement device for measuring a 



15 



13. A method of compensating for signal strength varia- 
tions due to changing Sight pattern positions of an airborne 
cellular communications system repeater, comprising: 

detecting a flight pattern position of an airplane carrying 
the cellular communications system repeater, 

pre-compensating for forward link path losses due to 
movement of the airplane carrying the cellular com- 
munications system repeater to cause communications 
signals transmitted from the cellular communications 
system repeater via the forward link to have uniform 
strength; and 

transmitting the uniform strength communications signals 
to the system user cell phones within the area of 
coverage after the pre-compensating for forward link 
path losses. 

14. The method of claim 13, wherein the detecting of a 
flight pattern position of an airplane carrying the cellular 



frequency of the pilot frequency signal received 20 communications system repeater is performed using at least 



thereat; 

a Doppler shift calculator for calculating the error cor- 
rection value by determining a frequency difference in 
the pilot frequency signal received at the pilot fre- 
quency measurement device and the pilot frequency 
signal generated at the pilot frequency generator, and 
for subsequently transmitting the error correction value 
to the forward link ground converter via the closed 
feedback loop. 

11. The cellular communication system of claim 8, 
wherein the frequency shift correction device is an airplane- 
based device. 

12. The cellular communication system of claim 8, 
wherein the frequency shift correction device is a terrestrial 
device. 



25 



30 



one of global positioning satellite information and telemetry 
link information. 

15. The method of claim 13, wherein the pre- 
compensating for forward link path losses is further for 
increasing or decreasing gain of the forward link to maintain 
a required minimum link margin. 

16. The method of claim 13 wherein the pre- 
compensating for forward link path losses is one of an 
airborne operation and a terrestrial -based operation. 

17. The method of claim 13, wherein the pre- 
compensating for forward link path loses comprises pre- 
compensating for forward feeder link path losses. 
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